One of the most effective strategies for regulating emotional responses is cognitive reappraisal. While prior work has made great strides in characterizing reappraisals neural mechanisms and behavioral outcomes, the key issue of how regulation varies as a function of emotional intensity remains unaddressed. We compared the behavioral and neural correlates of reappraisal of high-and low-intensity emotional responses using functional magnetic resonance imaging (fMRI). We found that successful reappraisal of both high-and low-intensity emotions depends upon recruitment of dorsomedial (dmPFC) as well as left dorsolateral (dlPFC) and ventrolateral (vlPFC) prefrontal cortex. However, reappraisal of high-intensity emotions more strongly activated left dlPFC, and in addition, activated right lateral and dorsomedial PFC regions not recruited by low-intensity reappraisal. No brain regions were more strongly recruited during reappraisal of low when compared with high-intensity emotions. Taken together, these results suggest that reappraisal of high-intensity emotion requires greater cognitive resources as evidenced by quantitative and qualitative differences in prefrontal recruitment. These data have implications for understanding how and when specific PFC systems are needed to regulate different types of emotional responses.
INTRODUCTION
Emotions routinely present themselves as powerful and varied forces in our everyday lives. To make this point more concrete, imagine it is a typical weekday morning and you are stuck in bumper-to-bumper traffic. After what feels like an eternity, the car in front of you starts to creep forward and you release your now-cramped foot from the brake pedal. Just as you begin to accelerate, a sporty little convertible shooting up the shoulder of the road cuts abruptly into your lane, forcing you to slam on your brakes. Now imagine that in addition to cutting into your lane that convertible had knocked off your side mirror and sped off into the sunset. While both of these scenarios would elicit anger and frustration, the emotions felt in the second scenario would likely be much more intense. Importantly, in both instances, it may behoove you to regulate your feelings of anger (i.e. to prevent negative physiological consequences and/or a confrontation with the reckless convertible driver).
The example above raises an important question for the study of emotion regulationdo the strategies that work for managing life's annoyances also work for major emotional issues? Or put another way, does the way in which you regulate and how successful you are at regulating differ as a function of the intensity of the response you experience? How we manage emotional pushes and pulls, both small and large, is a strong predictor of mental health and wellbeing and knowing which strategies to use in different situations may be critical for creating effective clinical treatments (Gross and Munoz, 1995; Gross and John, 2003; Taylor and Liberzon, 2007; Eftekhari et al., 2009; Kim and Cicchetti, 2009) . Cognitive regulatory strategies such as reappraisal, where one reinterprets the meaning of a stimulus so as to alter its emotional impact, have been shown to be among the most adaptive means for regulating emotion. Reappraisal is flexible, and can be used to increase or decrease positive or negative affect, and appears to do so without the deleterious consequences for memory or physiological responding associated with other strategies such as emotional suppression (Gross and Levenson, 1997; Gross, 1998 Gross, , 2001 Ochsner et al., 2012) .
Yet, no studies to date have examined how emotional intensity impacts the neural bases of reappraisal. This is surprising, given that second to valence, intensity is perhaps the most critical dimension on which emotional experiences vary (Brehm, 1999; Russell, 2003) . Prior work has shown that activation in brain regions such as the amygdala, nucleus accumbens and orbitofrontal cortex scales with affective intensity (Anderson et al., 2003; Cunningham et al., 2004; Phan et al., 2004; Colibazzi et al., 2010; Waugh et al., 2010; Williams et al., 2001) . However, such findings have been obtained exclusively in the context of passive viewing, leaving open the question of how people self-regulate in the context of intense emotional experiences. In general, reappraisal is supported by dorsolateral, ventrolateral and dorsomedial prefrontal (dmPFC, vlPFC and dlPFC, respectively) cortical regions that are also known to underlie domain-general cognitive control processes (Duncan and Owen, 2000; Miller and Cohen, 2001) . While meta-analytic data suggest that these effects are consistent across studies (Buhle et al., 2013) , there is also evidence that factors such as a stimulus' valence or whether one's reappraisal goal is to increase or decrease emotion can yield different patterns of activation (Ochsner et al., 2012) . To determine whether emotional intensity also may impact the neural bases of reappraisal, the present study directly compared reappraisal of low-and high-intensity emotional responses. In doing so, two specific hypotheses were tested.
The first was that regulation of low-and high-intensity emotion might share a common set of control-related brain regions that support core reappraisal processes. It was hypothesized that these brain regions were likely to include dmPFC and left-lateralized vlPFC and dlPFC for two reasons. First, these regions are known to support domain-general cognitive control processes including working memory, response selection and inhibition, and self-monitoring (Wager and Smith, 2003; Ridderinkhof et al., 2004; Simmonds et al., 2008; Rottschy et al., 2012) . In the context of reappraisal, these may be critical for maintaining reappraisals and reappraisal goals in working memory, selecting appropriate reappraisals and reflecting on one's emotional state so as to monitor how successfully one is regulating Gross, 2005, 2008; Ochsner et al., 2012) . Second, these are among the most consistently reported brain regions in the reappraisal literature to date providing further support for the notion that they are important for an array of reappraisal contexts (Diekhof et al., 2011; Buhle et al., 2013) .
The second hypothesis was that some of the control systems supporting reappraisal of low-and high-intensity emotion might be different. These differences could manifest in one of two ways. On the one hand, the increased cognitive demands of reappraising high-intensity emotion might require greater reliance on the core set of control processesand underlying systemsused to reappraise lowintensity stimuli. For example, regulating high-intensity stimuli may require greater working memory capacity (to generate additional reappraisals as needed) than low-intensity stimuli which may elicit enhanced recruitment of left dlPFC, a brain region strongly implicated in verbal working memory (Wager and Smith, 2003) . On the other hand, regulating high-and low-intensity emotions might differ not only in the degree to which they recruit regions that support shared processes, but also regulating high-intensity emotions might recruit additional brain regions altogether. On this view, once emotions reach a certain intensity they place qualitatively rather than quantitatively different demands on control systems. If this is the case, we reasoned that such demands may be met by recruitment of right lateral PFC for two reasons. First, right dlPFC and vlPFC support the inhibition of prepotent responses (Konishi et al., 1999; Aron et al., 2004; Wager et al., 2005) . In the context of reappraising a highly arousing stimulus, such inhibitory control may be critical for overriding one's natural tendency to appraise a stimulus as negative. Second, right lateral PFC recruitment has been shown to scale with executive demands across a host of domains, suggesting that it may generally supply auxiliary cognitive resources when the control system is heavily taxed (Rottschy et al., 2012) .
To test these two hypotheses, an experiment was conducted wherein participants either reappraised or responded naturally to emotional stimuli that evoked either high or low amounts of emotional intensity. Patterns of brain activation were then compared for reappraisal of high-and low-intensity emotional stimuli so as to identify core brain regions common to both types of reappraisal as well as those that differed. Brain regions that showed differential activity for reappraisal of high-and low-intensity emotion were further classified as showing one of two types of differences: (i) brain regions showing quantitative differences were those that were recruited for both types of reappraisal but more strongly for reappraisal of high-intensity emotion, while (ii) those showing qualitative differences were only recruited during reappraisal of high-intensity emotion.
METHODS

Participants
Thirty adults were recruited in compliance with the human subjects regulations of Columbia University to participate in this study (13 females, mean age ¼ 21.97). Participants were paid $20/h for their participation. All participants were screened prior to participation and determined to be right-handed with no history of psychiatric or medical illnesses. Prior analyses that did not examine the role of emotional intensity on reappraisal's neural correlates have been reported elsewhere (Wager et al., 2008; Denny et al., 2013) .
Participant training procedures
Prior to scanning, participants were extensively trained on the experimental paradigm in accordance with well-validated procedures (Ochsner et al., 2004b) . Participants were told that during the scanner task they would see a series of images preceded by instructional cues. The experimenter told participants that these cues would inform them about the type of stimuli they were to see and whether they were supposed to reappraise or respond naturally ('look' cue) to the stimuli. On reappraisal trials participants were told to, 're-interpret the possible antecedents, outcomes and/or reality of the events you see in such as way that your emotional response is decreased.' For example, if one were reinterpreting being cut off by a sports car, one might imagine that the car's driver was driving aggressively because he was rushing to get his pregnant wife to the hospital. This reinterpretation variant of reappraisal has been successfully used to reduce negative emotion in similar functional magnetic resonance imaging (fMRI) designs before (Ochsner et al., 2002 (Ochsner et al., , 2004b Kim and Hamann, 2007; McRae et al., 2010) . Participants practiced reappraising a set of images that were not used in the fMRI task while receiving feedback from an experimenter to ensure that they fully understood the instructions. Participants were asked to not look away from image stimuli or to distract themselves with irrelevant or positive thoughts during the task.
Task design
Participants completed 108 experimental trials inside the MRI scanner. Three variants of a basic reappraisal trial structure were used. The basic structure began with a 2-s instructional cue followed by a 4 s anticipatory interval during which a fixation cross was presented on the screen. In accordance with the cue presented, participants did one of the following: (i) look at the neutral image and respond naturally (look/neutral), (ii) look at the negative images and respond naturally (look/negative) or (iii) reappraise the negative image (reappraise/negative). There were 36 trials of each image/instruction type. The image was then presented for 8 s. Subsequent to image presentation, a fixation cross was presented for a jittered inter-stimulus interval (4-7 s) and then a rating screen appeared for 2.1 s. On the rating screen, participants were asked to rate how strongly negative they felt on a scale of 0-4 (0 ¼ not negative at all, 4 ¼ very negative). The trial concluded after the rating screen with a fixation cross that lasted 4-7 s (the duration was jittered). In addition to the 36 basic trials, participants also completed 36 'anticipation-only' trials (trials that did not include image presentation) and 36 'stimulus-only' trials (trials that did not include the 4-s anticipation period). Given that the focus of the present manuscript was on emotional responses to the affective images, 'anticipation-only' trials were not analyzed.
Which images were paired with which strategies (look vs reappraise) were counterbalanced across participants. Thus, 15 participants saw image set A with a look cue and image set B with a reappraise cue while the other 15 participants saw image set B with a look cue and image set A with a reappraise cue. Responses on look trials were used to classify negative images elicited high-or low-intensity affective responses. Look trials were used because participants were instructed to respond naturally on these trials. Participants rated stimuli in a highly consistent manner on; Cronbach's was 0.92 and 0.97, respectively, within the two sets of 15 participants. Mean ratings of emotional intensity were calculated for each stimulus based on these look ratings and a median split was subsequently performed on the mean ratings so as to classify each stimulus as eliciting high-or low-intensity emotional responses. Low-and high-intensity emotional stimuli did not differ in terms of properties such as luminance, visual complexity or whether they contained faces (Ps > 0.37). The 24 look/negative and 24 reappraise/negative trials were divided up so as to produce four categories of stimuli: look/low/negative, look/high/negative, reappraise/ low/negative and reappraise/high/negative.
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Imaging acquisition and analysis Whole-brain fMRI data were acquired on a 1.5T GE Signa Twin Speed Excite HD scanner (GE Medical Systems). Anatomical SPGR (T1) images were acquired with 124 1.5 mm slices (TR of 19 ms, TE of 5 ms and field of view of 22 cm). Functional images were acquired with a T2*-sensitive EPI BOLD sequence. Twenty-four axial slices were collected with a TR of 2000 ms (TE of 40 ms, flip angle of 608, field of view of 22 cm and 3.44 Â 3.44 Â 4.5 mm voxels). Stimuli were presented using E-Prime. Stimuli were displayed using an LCD projector and a back-projection screen mounted in the scanner suite. Participants made their responses using a five-finger-button-response unit with a molded hand brace (Avotec Inc. and Resonance Technologies). Preprocessing was performed using FSL (FMRIB Center, University of Oxford) and SPM2 (Wellcome Department of Cognitive Neurology, UCL) using well-validated procedures (Wager et al., 2008) . Functional images were slice-time and motion corrected using FSL. Structural T1-weighted images were coregistered to the first functional image for each subject using an iterative procedure of automated registration using mutual information coregistration in SPM2 and manual adjustment of the automated algorithm's starting point by a trained analyst until the automated procedure provided satisfactory alignment. Structural images were normalized (spatially warped) to a standard template brain (the MNI avg15T1.img) using SPM2's default options (7 Â 8 Â 7 non-linear basis functions) and the warping parameters were applied to functional images for each subject. Normalized functional images were interpolated to 3 Â 3 Â 3 mm voxels and spatially smoothed with a 6-mm Gaussian filter. First-and second-level GLM analyses were performed in NeuroElf (neuroelf.net). The cue, anticipation, stimulus-viewing and response portions of each trial were modeled as boxcar regressors convolved with a canonical hemodynamic response function. Separate regressors were made for the different trial types so that neural responses associated with different instructions (look or reappraise), stimulus valence (neutral or negative) and intensity of emotional response (high or low) could be differentiated. Mean global signal was added as an additional covariate of no interest at the group level. All random-effects grouplevel analyses were thresholded using a peak and extent combination that controlled the family-wise error rate at < 0.05, as calculated by AlphaSim, the Monte Carlo simulation method implemented in NeuroElf.
Two imaging analyses were conducted to identify brain regions associated with reappraisal of low-and high-intensity stimuli. First, to identify regions involved in reappraisal of both high-and lowintensity stimuli, a conjunction analysis was performed on the reappraise > look contrast for high-intensity stimuli and for low-intensity stimuli. Second, the reappraise > look contrast for high-intensity stimuli was directly compared with the same contrast for low-intensity stimuli ([reappraise/high > look/high] > [reappraise/low > look/low]). Brain regions identified in this contrast that also fell within a mask produced by the conjunction analysis were identified as showing quantitative differences as a function of emotional intensity (i.e. they were active for reappraisal of both low-and high-intensity emotions but to a greater degree for high-intensity emotions). Brain regions identified in the contrast between the high-and low-intensity reappraisal contrasts that fell outside of those regions identified in the conjunction analysis were characterized as showing qualitative differences as a function of stimulus intensity (i.e. identified in the high, but not low intensity, contrast).
To examine whether comparable results might be obtained using a continuous, rather than categorical approach, a follow-up parametric analysis was conducted. In this analysis, mean ratings of emotional intensity were calculated for each stimulus based on their average rating in the 'look' condition. These ratings were z-transformed and subsequently used as a parametric modulator for the reappraise/negative condition.
Because prior work has strongly suggested that reappraisal modulates activity in the amygdala, targeted analyses were completed to examine how stimulus intensity and strategy may impact amygdala modulation. A priori regions of interest in the left (À18, À3, À15) and right amygdala (30, À3, À15) were identified using data from a recent meta-analysis of 48 published neuroimaging studies of reappraisal (Buhle et al., 2013) . From these regions of interest, parameter estimates were extracted for the conditions of interest and paired t-tests were completed to examine (i) whether reappraisal reduced amygdala activity for low-or high-intensity stimuli and (ii) whether the reappraisal-related decrease in the amygdala response differed for low-and high-intensity stimuli.
RESULTS
Behavioral results
Manipulation check for stimulus intensity The split half method was effective, as indicated by the fact that negative stimuli classified as evoking high-intensity emotional responses elicited more negative affect on look trials (M ¼ 3.06) than did stimuli classified as evoking low-intensity responses (low intensity M ¼ 2.16, t(29) ¼ 9.35, P < 0.001) or neutral stimuli (neutral M ¼ 0.34, t(29) ¼ 22.53, P < 0.001). Responses were also reported to be more negative for look/low/negative trials than look/neutral trials (t(29) ¼ 17.15, P < 0.001). These findings together suggest that negative affect was very strong on look/high/negative trials, moderately strong on look/low/negative trials and weak on look/neutral trials.
Success of reappraisal of high-and low-intensity emotional responses Negative affect ratings were subjected to a 2 (intensity: low and high) Â 2 (strategy: look and reappraise) ANOVA. As expected, the ANOVA revealed significant main effects of both affective intensity (F(1,29) ¼ 97.74, P < 0.001) and strategy (F(1,29) ¼ 67.56, P < 0.001), with high-intensity trials eliciting more negative affect than low-intensity trials and reappraisal trials eliciting less negative affect than look trials. An interaction between strategy and affectivity intensity was observed (F(1,29) ¼ 17.31, P < 0.001), due to greater decreases in negative affect for reappraisal on high-intensity trials than low-intensity trials. While the reappraisal-induced decrease in negative affect (reappraisal success) for high-intensity trials (M ¼ 1.19, t(29) ¼ 9.35, P < 10 À8 ) was greater than the decrease for low-intensity trials (M ¼ 0.74, t(29) ¼ 5.99, P < 10 À5 ), this may be at least partially attributable to likely to floor effects (affect can only be reduced to a certain point).
To account for differences in baseline (look condition) negative affect between high-and low-intensity trials, reappraisal success also was examined as a function of the percent decrease in negative affect observed on reappraisal trials when compared with look trials, ((look/ negative) À (reappraise/negative))/(look/negative) Â 100). This analysis showed that reappraisal resulted in significant proportional reductions in negative affect for both high-(M ¼ 0.38, t(29) ¼ 10.44, P < 10
À10
) and low-intensity trials (M ¼ 0.30, t(29) ¼ 5.73, P < 10 À5 ), thus suggesting that it was an effective regulation strategy for the two conditions (Figure 1 ). Regulation success was marginally greater for high-intensity than low-intensity trials (t(29) ¼ 1.87, P ¼ 0.07).
Commonalities between reappraisal of high-and low-intensity emotional responses
To identify the neural bases of reappraisal of high-and low-intensity emotional responses, we first contrasted activity on reappraise/high/ negative trials to activity on look/high/negative trials (the high-intensity regulation contrast) and activity on reappraise/low/negative trials to activity on look/low/negative trials (the low-intensity regulation contrast). Brain regions identified in each of these contrasts are reported in Table 1 . A conjunction analysis of these two contrasts revealed that reappraisal of high-and low-intensity emotional responses recruited overlapping brain regions in prefrontal and temporal cortices ( Figure 2 and Table 1 ). Reappraisal of both types of responses elicited large activations in dorsomedial as well as left dorsolateral and ventrolateral PFC. This conjunction analysis captured the majority of voxels (2409/ 2259, 93.77%) activated during reappraisal of low-intensity images and comprises a set of regions commonly observed during reappraisal Gross, 2005, 2008) .
Differential bases of reappraisal of high-and low-intensity emotional responses
Quantitative differences between reappraisal of high-and lowintensity emotional responses To examine quantitative differences between the low-and high-intensity reappraisal conditions, we identified brain regions that (i) showed increased activity during reappraisal of both high-and low-intensity emotions (as determined by the previous conjunction analysis) and (ii) showed greater activity for one of the two reappraisal contrasts (e.g.
(reappraise/high > look/high) > (reappraise/low > look/low)). Using these criteria, only one control related region in left dlPFC showed quantitative differences in activity for reappraisal of lowand high-intensity emotional responses ( Figure 2 and Table 2 ). This single cluster in the left middle frontal gyrus (MFG) was recruited during regulation of both high-and low-intensity emotions, but to a greater extent during reappraisal of high-intensity emotions.
Qualitative differences between reappraisal of high-and lowintensity emotional responses In addition to the cluster identified in left dlPFC, activation in dmPFC and right lateral PFC was stronger during reappraisal of high-intensity emotional stimuli than during reappraisal of low-intensity emotional stimuli ( Figure 2 and Table 2 ). Follow-up t-tests revealed that these regions were strongly recruited during the reappraisal of high-intensity stimuli (Ps < 0.0005), but not low-intensity stimuli (Ps > 0.63). No brain regions showed greater activation for the low-intensity reappraisal contrast than the high-intensity reappraisal contrast. Follow-up regression analyses revealed that no brain regions showed a linear relationship with regulation success for high-intensity stimuli but that recruitment of the right MFG (and no other brain regions) showed a quadratic relationship with regulation success, such that very low and very high left MFG recruitment was associated with high regulation success ( MFGsquared ¼ À0.71, t(29) ¼ À2.19, P < 0.05). Taken together, these results suggest that (i) activation in dorsomedial and right lateral PFC reflects qualitative differences between reappraisal of high-and low-intensity stimuli and (ii) recruitment of right MFG in particular is associated with differential regulation success.
Parametric analysis of stimulus intensity during reappraisal
A parametric analysis examining how trial-by-trial variability in stimulus intensity predicted neural responses during reappraisal revealed no brain regions that survived FWE correction. However, at a less stringent extent threshold (P < 0.005, k ¼ 20 voxels), a single lateral prefrontal (À36, 37, 17; 21 voxels) and parietal cluster (À33, À53, 59; 32 voxels) showed activation that scaled positively with stimulus intensity.
Amygdala response as a function of intensity and strategy Reappraisal did not significantly reduce amygdala activity for high (left: mean decrease ¼ 0.02, t(29) ¼ 0.99, P ¼ 0.33; right: mean decrease ¼ 0.05, t(29) ¼ 1.09, P ¼ 0.29) or low-intensity stimuli relative to their respective look conditions (left: mean decrease ¼ 0.004, t(29) ¼ 0.10, P ¼ 0.92; right: mean decrease ¼ 0.01, t(29) ¼ 0.20, P ¼ 0.84). Additionally, the magnitude of the reappraisal-related amygdala decrease did not significantly differ between low-and high-intensity stimuli (left: mean difference ¼ 0.02, t(29) ¼ 0.60, P ¼ 0.56; right: mean difference ¼ 0.03, t(29) ¼ 0.53, P ¼ 0.60). Taken together, these data suggest that reappraisal did not significantly modulate the amygdala response for high-or low-intensity stimuli. Additionally, reappraisal success did not predict differential modulation of the Table S1 of the online supplement. Fig. 1 Average negative affect ratings made in response to the four aversive trial types. Negative affect was significantly reduced (P < 0.001) by reappraisal in both intensity conditions. Percent decreases in negative affect due to reappraisal are noted.
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DISCUSSION
This study is the first to directly compare cognitive reappraisal of highand low-intensity emotional responses. Behaviorally, reappraisal effectively reduced negative affect associated with both high-and low-intensity emotional responses. At the neural level, similarities and differences were observed between the high-and low-intensity reappraisal conditions. On the one hand, both reappraisal conditions recruited left dorsolateral and ventrolateral PFC as well as dorsomedial PFC. On the other hand, reappraisal of high-intensity emotions was associated with (i) enhanced recruitment of left dorsolateral PFC, as well as (ii) recruitment of additional swaths of cortex in right lateral and dorsomedial prefrontal regions.
Commonalities between reappraisal of high-and low-intensity emotional responses Cognitive reappraisal effectively reduced negative affect associated with high-and low-intensity emotional responses and employed partially overlapping prefrontal networks in doing so. Reappraisal of both highand low-intensity emotion activated dorsomedial PFC, implicated in emotional awareness and self-monitoring (Amodio and Frith, 2006; Olsson and Ochsner, 2008) , left dorsolateral PFC, implicated in working memory and selective attention (Wager and Smith, 2003; Wager et al., 2004) , and left ventrolateral PFC, implicated in retrieving and selecting semantic information and responses (Thompson-Schill et al., 1997 Badre and Wagner, 2007) . Taken together, the present data suggest that for both high-and low-intensity emotional situations reappraisal relies heavily on the ability to hold and manipulate reappraisals in working memory, to select relevant information from potential reappraisals and to monitor one's emotional state (Ochsner et al., 2012) .
Differential bases of reappraisal of high-and low-intensity emotional responses
Quantitative differences between reappraisal of high-and low-intensity emotional responses Within the regions identified by the conjunction analysis, only a portion of left dlPFC showed greater activation during reappraisal of highintensity emotional responses than during reappraisal of low-intensity emotional responses. Importantly, no brain regions showed greater activation for the low-intensity reappraisal contrast than the high-intensity reappraisal contrast. Prior work has shown that on 'cold' cognitive tasks, activity in left dlPFC is modulated by demands placed on selective attention and working memory (Wager and Smith, 2003; Nee et al., 2007) , as well as by enhanced motivation to perform tasks successfully (Savine et al., 2010) . In the context of the present results, these findings suggest that enhanced left dlPFC activity may reflect an increased motivation to reduce the unpleasant feelings associated with high-intensity negative affect as well as an increased need for cognitive resources that may serve that goal (e.g. control processes to draw attention away from the emotional features of stimuli).
Qualitative differences between reappraisal of high-and low-intensity emotional responses A direct comparison between the reappraisal conditions revealed that right lateral and dorsomedial PFC were recruited during reappraisal of high-, but not low-, intensity emotional responses. There are at least two potential interpretations for this pattern of results. First, dmPFC and right lateral PFC may be recruited during reappraisal of high-, but not low-, intensity emotional stimuli simply because it is more difficult to reappraise highly arousing stimuli requires additional cognitive resources. This notion is supported by meta-analytic data suggesting that right lateral PFC activation scales with cognitive load on executive function tasks (Rottschy et al., 2012 ). Yet, the quadratic relationship between right dorsolateral prefrontal recruitment and regulatory success suggests that not all participants recruited such cognitive resources in the same way. It may be that individuals who find reappraisal to be easy only weakly recruit right lateral PFC, while individuals who find reappraising high-intensity stimuli to be difficult overcome this challenge by recruiting additional resources. Second, reappraisal of highintensity stimuli may involve suppressing or inhibiting prepotent, aversive responses to emotional stimuli, so that one may replace that strong initial appraisal with a more tempered reappraisal. Right lateral PFC is particularly critical for such forms of inhibition on cognitive control tasks (Aron et al., 2004; Aron, 2007) , providing further support for this possibility. While prior work has not strongly linked dmPFC with task difficulty or response inhibition, it may play a complementary role to right lateral PFC during regulation of high-intensity emotion. For example, enhanced dmPFC recruitment may reflect a greater need for monitoring reappraisal performance, or alternatively, an increase in attention toward one's emotional state or those of the individuals depicted in the photographic stimuli that comes as a direct result of feeling more intense emotions (Ochsner et al., 2004a; Amodio and Frith, 2006; Olsson and Ochsner, 2008) .
IMPLICATIONS FOR CONCEPTUALIZING THE NEURAL BASES OF REAPPRAISAL
Our results have two implications for how we conceptualize the neurocognitive processes that underlie emotion regulation. The first implication relates to how we maintain comparable levels of reappraisal success for high-and low-intensity emotional responses using shared processes. The results of the present study suggest that reappraisal produced significant drops in negative affect for both high and low emotions and that overlapping prefrontal regions are recruited during reappraisal of high-and low-intensity emotional responses. Recruitment of dorsal and left lateral prefrontal regions implicated in self-monitoring of one's emotional experience (Ochsner et al., 2004a) , working memory (Wager and Smith, 2003) and response inhibition and selection (Van Snellenberg, 2009 ) was observed for both reappraisal conditions, although the magnitude of activation in left dlPFC varied according to emotional intensity. Across reappraisal studies, activations have been observed in left LPFC and dmPFC more consistently than anywhere else, and also have been observed within studies that included more than one stimulus type or reappraisal goal (Ochsner et al., 2004b; Eippert et al., 2007; Kim and Hamann, 2007; van Reekum et al., 2007; Kanske et al., 2011) . This suggests that reappraisal generally recruits medial and left-lateralized prefrontal control circuitry during reappraisal, regardless of the intensity of the emotion one is reappraising. This may have important ramifications for understanding what makes individuals more effective at reappraising. For example, developmental and clinical populations known to have reduced cognitive control capabilities might show proportional deficits in reappraisal ability across emotional situations that vary in their intensity. If such is the case, interventions to improve reappraisal of less intense emotions may also strengthen reappraisal capacity for high-intensity emotions. The second implication concerns the need to account for key emotion-related stimulus variables in studies of emotion regulation. By manipulating emotional intensity, the present study identified ways in which patterns of neural activity can be impacted by stimulus factors and also offered potential explanations for between-study variability observed in the broader literature. To date, only a handful of studies have directly examined (i.e. within-study) how factors such as one's regulatory goal (e.g. to increase or decrease emotion) or the nature of the emotional stimulus (e.g. positive vs negative) may impact the neural bases of reappraisal. That said, in looking across the literature, decreasing affect and regulating responses to negative stimuli tend to elicit more bilateral than left-lateralized prefrontal activation (Ochsner et al., 2012) . Taken together with the present data, this suggests that while nearly all forms of reappraisal recruit left vlPFC and dlPFC along with dmPFC, more demanding regulatory situations (i.e. when emotional stimuli are particularly intense) require additional recruitment of right LPFC and dmPFC. One limitation of the present design was that emotional intensity and task difficulty were inextricably linked, making it impossible to determine which of the two was driving differences between the low-and high-intensity reappraisal condition. Future work may build on the results of the present study, however, by attempting to dissociate the effects of emotional intensity and task difficulty on the neural bases of emotion regulation.
CONCLUSIONS AND FUTURE DIRECTIONS
The aim of the present study was to examine the behavioral effects and neural bases of reappraisal of high-and low-intensity emotions. We found that reappraisal effectively regulated both high-and low-intensity negative affect and was associated with recruitment of dorsomedial and left LPFC regions associated with self-monitoring, working memory and response inhibition/selection. Importantly, reappraisal of high-intensity emotional responses was associated with increased activity in left dlPFC as well as in right LPFC and a more anterior portion of dmPFC. In contrast, reappraisal of low-intensity emotional responses did not recruit any brain regions not observed during the high-intensity reappraisal condition.
Future work should examine four points related to these findings. First, meta-analytic techniques ought to be applied to the rapidly expanding reappraisal literature to formally test how factors such as stimulus valence or intensity as well as regulatory goals impact prefrontal recruitment. Second, while the stimuli in the present study were effective at eliciting strong emotional responses, they are still likely to have elicited less affect than 'real-life' experiences. Follow-up studies are needed to assess whether reappraisal continues to be an effective strategy when regulating emotional responses to highly intense or selfrelevant stimuli such as personal memories or social interactionsespecially in clinical populations for whom such responses are most troubling. Third, given prior work suggesting that the amygdala (i) High-and low-intensity negative emotions SCAN (2015) tracks with affective intensity and (ii) may mediate the relationship between prefrontal recruitment and decreases in negative affect during reappraisal, it would be worthwhile to examine whether this relationship is mediated by a stimulus's intensity (Anderson et al., 2003; Cunningham et al., 2004; Wager et al., 2008) . While no differences in reappraisal-related amygdala modulation were observed in the present study, such effects may not be easily revealed by subtraction analyses between conditions that are matched for intensity, and may be better suited for mediation. Finally, in the present study participants were instructed to reappraise both high-and low-intensity emotional stimuli as a means of self-regulating their emotions. Yet in real life, the regulatory strategy people choose may vary as a function of emotional intensity, available regulatory resources, or other variables (Urry and Gross, 2010; Opitz et al., 2012) . Indeed, prior work suggests that when allowed to choose, individuals prefer to distract themselves upon encountering highly intense emotional stimuli and prefer to reappraise low-intensity stimuli (Sheppes et al., 2011) . This raises the possibility that participants in the present study may have been less likely to follow instructions to reappraise high-intensity stimuli than low-intensity stimuli. However, post-experiment interviews with participants suggested that participants followed the instructions to reappraise on the majority of trials for both high-(mean ¼ 86.36%) and low-intensity stimuli (mean ¼ 87.12%). Taken together, this suggests that individuals can and will reappraise a variety of types of stimuli when instructed to do so, but also that when left to their own devices they may prefer certain regulatory strategies for certain stimuli. Thus, future work might consider comparing reappraisal and distraction for highand low-intensity emotions as a means of examining whether the 'match' of a regulatory strategy to the emotion being regulated impacts neural recruitment and regulatory efficacy.
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